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Abstract 


Dynamo-theoretical calculations of the longitudinal inequality 
of S,-field (§2), the solar flare type variation (§5), Sp-field and magnetic 
bays (§§6 and 8) show a fairly good agreement with respective observed 
facts, not only in their mean states but also in their dynamic be- 
haviours. Thus, it is concluded that the dynamo-action of the iono- 
sphere can be responsible for various geomagnetic variations such as 
mentioned above as well as S, and L. 

Taking into account the screening effect of the ionosphere and 
the transient characteristics of electric current in the ionosphere, the 
integrated conductivity of the ionosphere is presumed to be 5x10-% 
~10~7 em.u., in place of 3x10-* hitherto assumed, and the velocity 
of its lateral motion is estimated te be of order of magnitude 10°m/sec. 
Finally, some remarks on the dynamical characters of magnetic and 


ionospheric storms are mentioned from the above view. point. 


§1. Possible’ Relation of Ionosphere to Geomagnetic Variations. 

It has been concluded by theoretical as well as observational studies that the 
dynamo-action must play the leading role in the electro-dynamical behaviour of the 
ionosphere region. The application of the interpretation of S,- and L-variations in 
geomagnetic field has been developed by Stewart, Schuster and Chapman. The facts 
based on the observation of the ionosphere that the ionosphere is electrically conductive, 
and that it moves dynamically: are in favour of this view. That is, its conductivity 
has been estimated from the data of various ionospheric observations such as electron 
number, collision frequency, the coefficients of recombination, attachment, and datach- 
ment with ions; while, the tidal motions of its height and the lateral flow in its 
particular part® has been found out recently. 

It is the object of our present study to construct a unified picture of the 
electrical and dynamical state of the ionosphere region, as consistent as possible in 


all kinds of geomagnetic and ionospheric observations. 


* Contribution from the Division of Geomagnetism and Geoelectricity, 
Geophysical Institute, Tokyo University. Series II, No. 10 (1950) 
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The fundamental equations and assumptions concerned here will be summarized 


in the followings. 
The general equation describing electromagnetic field is given by 
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where A, z, # are vector potential, current density and magnetic permeability respec- 
tively, and c the light velocity. Current density, electric field intensity, E, magnetic 
induction, B, and scalar potential, 4, are related to vector potential in the following 


ways: 
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where V is the velocity of substance concerned. The second term of the left of the 
equation (1) can be ignored, when the period of variation is large compared with the 
time taken by electromagnetic waves to travel across the region considered, and this 
is the case in our present problems, in which we concern only variations not very rapid. — 
In the dynamo-theory, the current system is obtained by solving the differential 


equation 
rot (¢/o—[V rot A )= Ga 2 ( 5): 


where Aw is the vector potential of the earth’s permanent magnetic field, As to the 


- air movement, it is assumed to be irrotational. When we concern somewhat rapid 
variations in §5, the differential equation containing the term contributed from self. 


induction will be used instead of the above equation (5), ji eo eee 


Ue }[Vrot A) =0, 
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_ where fie variational field itself is included in A in the second term. - ae 
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. In treating the electromagnetic induction in the ionosphere in $4, will be 
‘the differential equation of the type = 2 — ‘ ae 
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be the effect of the discrepancy between the geomagnetic and geographic poles upon 
the dynamo-action in the ionosphere. Thus, the distribution of the current system 
was calculated by the dynamo-theory, the above-mentioned discrepancy of these two 


axis-poles being taken into account. In Fig. 1, four examples of calculated charts of 


equivalent electric current systems are shown. The intensity and position in latitude 
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Fig. 1. Calculated charts of equivalent electric current-systems represeriting the 
external part of Sq at different universal times of sunspot-maximum year 1905. 
Current of 20000 amp flows between each two successive lines in direction 
indicated. 
of the foci of equivalent current vortices obtained from the current system are in 
good agreement in their general tendency with the observed results. This argument 
can be considered as giving a proof of the generally accepted conception that the 


geomagnetic diurnal variation is caused by the dynamo-action in the upper atmosphere. 


§3. Integrated Conductivity of the Ionosphere. 

The integrated conductivity of the ionospheric region responsible for geomagnetic 
diurnal variation has been generally assumed to be of the order 10~° or 10-* e.m.u. 
These values, however, are too large compared with those deduced from the ionospheric 
observation, say 10-7 e.m.u. at the largest. Therefore, it is desirable, if possible, to 
‘estimate the integrated conductivity from other points of view. For this purpose, 
the conclusions from stiidies on the following two different problems will provide for 
the possibilities: they are the screening effect of the ionosphere especiaily in relation 
‘to magnetic storms and the solar flare type change in geomagnetic field. From the 
first it was concluded that the integrated conductivity of the ionosphere is of order 
of magnitude 10-7 e.m.u. or less, while, from the second that it is of the order 5 x 10~* 
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em.u. The summaries of these discussions will be given in §§ 4 and 5. Thus we have 
to assume that the integrated conductivity is of the order 10-8~10-7 em.u., which 


is nearly equal to the value expected from the ionospheric observation. 


¢4. Screening Effect of the Ionosphere. 

Since the ionosphere is an electrically conducting shell, electric currents will be 
induced in it by varing magnetic field originating outside the ionosphere. When the 
magnetic fields changes rapidly, appreciable amount of electric currents is induced, 
and consequently the space inside it is screened from the field outside. This screening 
effect was estimated with regard to a spherical shell of uniform conductivity as a 
model of the ionosphere. 

Actual calculations were made in the following four cases: (i) the ionosphere 
is a spherical shell of finite thickness and primary field is periodical, (ii) the ionosphere 
is an infinitely thin spherical shell and the primary field is periodical, (iii) the iono- 
sphere is an infinitely thin spherical shell and the primary field is aperiodical, and (iv) 
the ionosphere is an infinitely thin spherical shell, the primary field periodical, and 
the electromagnetic induction in the earth is taken into account. In Fig. 2, the results 
of calculation for the cases (i) and (iv) are shown. 

The results showed that the screening effect cannot be ignored when the primary 
field change is rapid, e.g. as in sudden commencements of magnetic storms. If this 
be taken into account, it is concluded that the integrated conductivity of the ionosphere 
must be of the order 10-7 em.u. or less. This result well agrees with PRICE and 
ASHOUR’s conclusion™ from the screen- 
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Fig. 2a. Screening effect of the ionosphere. 
Ordinate: the amplitude ratio of the 
field inside the ionosphere to the primary 
field, when it is uniform, or the repre- 
sentation in terms of the screening effect 
in percent. 


mi 


Abscissa : the period of the primary field. Fig. 2b. Screening effect of the ionosphere 
K: the assumed integrated conductivity. for short period variations. 

Full lines and broken lines correspond Ordinate and Abscissa are the same as 
to the cases (iv) and (i) respectively. those in Fig. 2a. 


The screening effect of the ionosphere in reference to other problems will also 
be of interest. The statistical result on the«seasonal change in D,, by CYNK® may 
be explained qualitatively by the change in the ionospheric screening due to the 


seasonal change in conductivity. On the other hand, CHAPMAN and FERRARO® — 


suggested in their paper on the radial ‘stability of the hypothetical ring-current that 
the world-wide fluctuations of the storm-time field which occur during magnetic storms 
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might be produced by radial oscillations of the ring-current. If, however, the iono- 


spheric screening is taken into consideration, this explanation seems to become rather 
untenable. 


$5. Solar Flare Type Change in Geomagnetic Field. 

Since the solar flare type change in geomagnetic field is observed as an augmen- 
tation of the solar diurnal variation for a relatively short duration,“ it will be 
reasonable to assume that such changes are given rise to by the same mechanism as 
that of the diurnal variation but. with the conductivity of the ionoshere suddenly 
increased by the anomalous ionization. Therefore, the basic idea of the theoretical 
treatment of this phenomenon is the same as that-of the dynamo-theory of the solar 
diurnal variation. However, the self-induction of the ionosphere cannot be neglected 
in this case because of rapidness of the change and of fairly large conductivity. 

The conductivity of the ionosphere is assumed to be the sum of the conductivity 
responsible for the solar diurnal variation in quiet days, oo(1+¢)cos x), and the addi- 
tional conductivity, 4o(1+cos x), where x denotes the zenith distance of the Sun and 
4o is a function of time, which is directly related to the duration of the change and 


its magnitude. 
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Fig. 3. Solar flare type change. Ordinate is the rate of augmentation of the coefficient 
of the current function for various assumed integrated conductivities. Abscissa is 
time in second. The change Ap/go assumed is shown by broken line. 

The problem is, then, reduced to extending the dynamo-theory, by which transient 
phenomena can be dealt with comprehensively. This was performed by the help of 
perturbation method. : 

The magnitude of the change and the time required by it to reach its maximum, 
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conductivity (See Fig. 3.). The mean integrated conductivity thus determined is 


5x10-° em.u., which is consistent with the result from the screening effect of the 


ionosphere. 


86. The Current System Sp- and Bay-fields. 

The Sp-current system can be obtained theoretically together with the S,-current 
system under the assumption that the auroral zones are especially of a high conduc- 
tivity compared with the lower latitude region and with the polar cap. The result of 
calculation is in a fairly good agreement with the observed one, especially in their — 
general mode.“ The bay-field can also be interpreted almost in the same way, except 
that the duration of the induced E.M.F. in the auroral zones is limited within a few 
hours. 2 

It was found, however, that the calculated curreni-system for Sp-field differs 
definitely from the observed one in their phase; that is, the theoretical current system, 
though the S,-part of which just agrees with the observed S,-field, differ from the 
Chapman-Vestine’s system by about 6 hours in phase, and by 10 hours from the 
one recently obtained by us“ as well as from the Vestine’s bay-system.\”? 

One of the ways to avoid the difficulty mentioned above is to assume that two 
layers, in which the lateral motion of air is opposite to each other, are responsible — 
for S,-field, while that S,-field is originated in one of them. The resuit of calculation 
(See Fig. 4.) in this way well agrees with the observed facts, not only ~ in their = 
but also in the distribution of current intensity. ae 
If the above theory is accepted, a slaeel : 


may arise as to which layer of the ionosphere cor- _ 


responds to each of the two layers. It was concluded 
here from the Polar Year data, that the probable 
height of the auroral zone current responsible for 
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§7. Dynamic Motion of the Ionosphere Region. 

The conclusion obtained above leads us to assume a large velocity of the 
dynamical motion of the ionosphere, so far as we take the dynamo-action in the iono- 
sphere as the main cause of S,-, Sp-, L-, bay- and solar-flare variations. in geomagnetic 
field. That is to say, if we take 5x10- em.u., in place of 3x 10-% em.u. by Chapman 
and Schuster, as the average integrated conductivity of the ionosphere concerning 
geomagnetic variation, the lateral velocity of the ionosphere motion should, be of order 
of magnitude 30 m/sec. If further we assume the double layer theory mentioned in 
$6, the integrated conductivity of one of the two layers must be 20~30% larger 
than that of the other, and the lateral velocity of each layer must amount to 100~ 
150 m/sec, or 360~540 km/hour. 

On the other hand, that E- and F-layers are moving laterally with velocity of 
100~600 km/hour has recently been reported by various authors, including one of the 
present writers.“ And this result seems to agree with out theoretical expectation. 

Here, it may be presumed that the said dynamical motion of the ionosphere 
region will be rather a general circulation, and not merely the tidal current, since the 
amount of velocity is too large to be the latter. In Fig. 5, an example of the circu- 
lation of ionospheric air, which is in the way of dynamo-theory responsible for S,-field, 
is shown. In practical calculation, the circulation is assumed to be composed of three 
parts, ie. lateral motions alone in the outer and inner thin spherical shells and radial 


motion alone in the space between the two shells. 
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Fig. 5. Calculated circular air motion of the upper conductive layers in the 
northern hemisphere of 169°E—11°W meridian. The stream lines whose 
ends vanish in the figure mean those closed in the space in both sides 


of the considered meridian. 


§8. Development of Sp- and Bay-fields © 
The studies of progressive changes in Sp- and bay-fields will be significant for 


getting the dynamical view of these phenomena. The result of statistical examination 
of the successive aspects in the whole course of the average bay in the middle latitude 


a 


region has shown characteristics of its progressive change. The bay current system 


in the dark-hemisphere generally grows with time from the beginning, while the 


SCALE 207, 

‘Fig. 6. Progressive change in the distribution of current ed especially in detail with 
arrows of the mean bay disturbance at the latitude of the Polar Year data.“ The 
Toyohara (46°58/N, 142°45/E). The times of its beginning, 
middle and end are denoted by fo, fs and tg respectively. . 
Full circles in the figure correspond to the boundaries (magnetic) distance of the 

of the positive and negative bay sides. auroral zone ‘and the basas 


torial value of Da- field at each times is fairly definite (See Fig. 7). The said relation 
can be theoretically interpreted as the effect of the equatorial ring current upon the ; % 


' corpuscular stream impinging into 


the earth’s ionosphere. The result 


of a quantitative calculation by 
this theory has shown a sufficiently 
good agreement with the observed 
fact, provided that the impinging 
‘stream is assumed to be composed 
= mainly of Cat of about 1100 km/sec 
re a : elocity. The shifting of the 
zone current mentioned 


Was ire 


30} 


ascertained most clearly ar 


current system in the sunlit- 

bre ache iGe Age hemisphere, on the contrary, 
is contracted (See Fig. 6), 

resulting in the: well-known 

looping phenomenon of the. 
horizontal vector-arrow — of 

the bay-disturbance. This 

phenomenon is, theoretically 
speaking, due to the develop- 

‘ment of the auroral zone 

current in the dark side. 
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after the sudden commencement of magnetic storms, though the intensity in the said 
early stage is not so intense as in the main part of the storm. This conclusion was 
obtained from the world wide data of hourly values of magnetic storms in the Polar 
Year and from the magnetograms of recent storms collected by the Ionosphere Research 
Committee. - Then, we may say that Chapman-Ferraro’s theory of the initial part of 
magnetic storm will be under the necessity of re-examination, when the above-mentioned 


fact as well as the screening effect of the ionosphere was taken into consideration. 


§9. Some Remarks on Magnetic Disturbances. 

As to the disturbances of F;-layer, the result of our studies on Japanese data 
has shown that the ionosphere storms in F;,-layer generally follow magnetic storms 
with some delay, the former’s characteristics being subjected also to local time as 
well as to season. This result may lead us to presume that the ionosphere storm in 
F;-layer is a secondary phenomenon accompanying magnetic storm, and does not or 
very little contribute directly to the electric current producing the disturbances in 
geomagnetic field. Thus, it seems that the lower parts of the ionosphere are chiefly 
responsible for various geomagnetic variations. 

One of the significant problems concerned here .will be the character of the 
ionizer of the ionosphere, especially the corpuscular stream from the Sun. The 
dynamical behaviour of the auroral zone and its relation to D,-field, such as dealt 
with in $8, seem to provide us with a suggestion about the nature of the corpuscular 
stream, especially about the effect of the supposed equatorial current ring. On the 
other hand, it has been expected that the relation of cosmic ray intensity to magnetic 
storm can give us a clearer picture of the magnetic effect of the ring current, because 
its effect upon the cosmic ray could be analyzed more definitely. 

According to the results of our examination as well as of Miyazaki and Wada’s,™ 
the relation between the change in cosmic ray intensity and magnetic storms is not 
unique; that is, although in many cases. marked decreases in the former accompanied 
the latter, no appreciable changes in the former were observed in many other cases 
in spite of occurrences of severe magnetic storms. A theoretical examination of the 
effect of the ring current upon cosmic ray®” has shown that the decrease in cosmic 
ray intensity can hardly be thought attributable to the ring current, the increase of 
about 2%, on the contrary, being expected for the reasonable values of the radius of 
the ring. Then, the possibilities are left that the decrease in cosmic ray intensity might 
suggest something about the physical character of the corpuscular stream itself apart 
from the magnetic effect of the ring current formed by it. 


* $10. Conclusion. 

The present writers are believing now that the dynamo-action is the most 
fundamental process to produce various electric current systems in the idénosphere, 
which are subjected to various given conditions of ionization there. And the geomagne- 
tic disturbances observed on the earth’s surface must also depend much upon the 


ionospheric condition, as was. dealt with in §§$4 and 6. 


— nA 
It seems, however, that there remain various difficult problems especially concern- 
ing geomagnetic disturbances, which should be our main items of future researches. 
In conclusion, the writers wish to express their sincere thanks to Miss C. Aikawa 
and Miss N. Ono for their assistance in numerical computations in the studies of 
8§ 2, 5, 7 and 8, afd also to Mr. T. Suzuki and Mr. S. Nagumo for their assistance in 


calculation of a part of $7. 
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On the Electrical Conductivity 
of the Upper Atmosphere 


By Ken-ichi MAEDA 


Electric Communication Laboratory 


Abstract 


The paper deals with the problem of the electrical condnctivity 
supported by the upper atmospheric ionization, to which the diurnal 
variation of terrestrial magnetism is attributed in the dynamo theory. 
Number densities of free electrons and ions and their collision fre- 
quencies are substantially important for the evaluation of the vertical 
distribution and integrated value of the electrical conductivity. For 
this purpose various elementary processes governing the ionospheric 
characteristics, that is, recombination, attachment, detachment and 
collision, are discussed on the basis of ionospheric observation with 
the aid of some theoretical data by other scientists. Although our 
present knowledges had to face some contradictions on the way of 
numerical estimation of necessary. elements, it is indicated that the 
total conductivity will be about 210-7 e.m.u. during the daytime, with 
the maximum conductivity of (1.5~2.0)x10-"em.u. in the E-region. 


I. Introduction 


Although many important points on the physical relations between the iono- 
sphere and the terrestrial magnetism have been found up to this time, there still 
remains the problem of the electrical conductivity of the ionosphere, which has a 
significant bearing to the physical nature of diurnal variation of the terrestrial 
magnetism. From the analysis of diurnal variations observed in the terrestrial 
magnetism it was shown that the total conductivity of the upper atmosphere should 
be of the order of 10-* em.u. Recently, however, T. Nagata and others reported 
the results of study on ionospheric induction effect, and according to their conclusions 
it will be reasonable to accept that the total conductivity will be less than 10~’ e.m.u. 
Sir Edward Appleton gave a formula with a table to evaluate the total conductivity 
based on the recombination theory and we can calculate the total conductivity by 
assuming collision frequencies, number densities of electrons and ions and scale height. 
As to the evaluation of density ratio of electron to ion, which is very important to 
our present problem, we can refer to the reports by G. Goubau, 2) FL Mohler, DR. 
Bates and H.S.W. Massey and others. 
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of electron to ion and colli- 
sion frequencies on the basis 


of ionospheric measurements 


ae together with some theories 
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of other scientists, and the 
vertical distribution and the 
integrated value of the elec- 
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trical conductivity and their 


changes: from day to night 


are presented. 


II. Mean collision 
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As to the Fy-layer we consider the contribution of electronion collision according 


to T. Yonezawa and adopt the value. of » a little less than the above value, that is, 
(8~10) x 102 for Fy-region. 


3. Height dependence 
Height dependence of v for electron collision is given by the following relation, 
Por Ny de *¢1) 
where N is the number density of neutral particles and T the electron temperature. 
For the purpose we have to know the vertical distributions of N and 7, but it is very 
difficult at present stage to show them exactly. The following table is presented to 


show the values of v for each layer, together with other various values, with which 
we consider the problems as our model ionosphere. 


Table of Model Ionosphere 


Tem- Mean | attachment | “PParent re- 


ets . : llisi : ombination 
__ Region | Height Gas perature) Pressure | Gas density Agrees coefficient eethhae 


(deg. 
Kelvin) 


, (mmHg)| __ N(cm7*)|___v(sec™!)|_ 8 (sec) le (cm$sec") 
. 90 oe 2x10-3 | 1.4x10" 4x105 | 7x10- 
. 100 5x1o-i | 3x108 1x105 | 2x12 | 
. E 0;&0O} 400 ———— 10-8 
110 2x10-4 1x103 | 4x10# | 8x10-3 | | 
= ee Poi Ue 4x0 | 5x102 |-2.3x10% | 5xloe | 
Sco ae ae At 2.8x10-* — 4x10 | 
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where 
n,n-,nt+....number densities (em™) of electron, negative and positive ions 


respectively, 
q ......+...don production rate (cm™. secy") by solar radiation, 
GRR 5 tea .. ..recombination coefficient (cm. sec~!) of electron and positive ion. 
Cig van SEOs -recombination coefficient (cm*. sec") of negative and positive ions, 
B ........+.attachment coefficient (sec) of electron to neutral particle, 
7 Ue na ae: DOLE -detachment coefficient (sec) of electron from negative ion, 
rn Maen ee era cnt coefficient (seo) of electron from negative ion by 
collision. E 


During the night we may put q=7=0. 


2; Attachment coefficient (A) 
Concerning 8 for F-region, some theoretical results©(® on attachment cross 
section of Oxygen atom and many experimental data‘? are available, but as for 


E-region, the value is speculative. Considering simply the pressure dependence of B 


we use the values in the above table for our present work. P 


3. Recombination coefficient (2 and ai) Se 
_ Besides the theoretical formulas, a great many experimental data” are cae 
ARES Considering that the observed | value of a is actually ‘ee apparent value ay 
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If we consider z+ as constant for the period under consideration, the above 
equation is solved as follows. 
Pre. 

B+r+0 


where 7 is the value of # at the sunrise of F-region height. 


aro nt{1—e-B+T+89} 4 og—B4148)¢ (6) 


The above equation is rewritten in the following form. 
Pre 
re Ay) 
When we use the value 10- as ~, and 3x10— as ry, which is reported by some 


h/m~— (LA) {1— eC +4454} 4 p-B4T+EDA | (7) 


theoretists, (6 is taken as less than £), we get for n/n after 333 seconds (about 5.5 
min.), 
n/n) ~0.63(1+ 2) +0.37 . 

This value is too much, unless J is taken as very’ small compared with unity. But 
with such small 4 the actual observed curve of n/n deviates greatly from the equation 
(7) for the later part of the period. Then it may be supposed that 7 (including 6) 
should be as low as of the order of 10~, but in this case the constancy of A or xt 
is violated. 

In treating the equation (5’), we may proceed on another way as follows. The 
equation (5’) can be written in the following form, 


th Ga 
“a et OAn— Bn. (5!) 
Considering 4 as variable with time we get the solution, 
MN _ r+6)frae—pe . 
No eros Z . ( = 


and for n~ the solution (x7 is the initial value of 27), 
SRE ISS pol (8) 

When we compare the above equation (5”) or (8) with the actual increase of 7 in 
F.-layer in Winter by taking @ as 10-, we find that the value of 7+0 as the order 
of 10-* with 4 of the order of unity will be the most probable, but n+(=2+77) varies 
considerably in this case and this is unreasonable for the period under consideration. 

Then it may need, so far as the coincidence of the theoretical equations and 
the actual observed curves is concerned, that both +6 and 4 are considered to vary 
for the period, subject to constancy on zt. In any case the coincidence is more or 
less insufficient, but it is recommendable that 7; (including 6) should be taken as 
107?~3x10— with A4~1~3. 

And in these estimations we find also that 2 just before the sunrise at F2-layer 


height will be of the order of 3~10, which may ae the night value for 4. 


‘ 


a . . 


In these considerations the heights of maximum electron density of Fo-layer for 
day and night are taken as 260 and 300 km respectively and the values of electron 


density at constant height are used for the calculation. 


5. Ionic density of F2-region 


4 In the daytime, we get the following relation for around noon, which the 


— Sod 


electronic density rearches near its maximum value. 


__ gt (r+8)n- | 9) 
B+ant.. — : “ 
, And as a prelimimary approximation we have the relation, 
ie wee e oy 9/ 
na ye (9) 
Using the values 
B=10x10— _ (for 260 km), a 
covet a EE ee (for 300 km), 
we get n= ~pnt~p nt (for 260 kan), eS: fT ead 7 
~int~nt — (for 300 km), , ee. 
and then nn 3n~ 2 n j (for 260 km), ai ° 2G od. fit 
; Sonn (for 300 km). Aetatety _ 


For the Bie valiies the equation (9) holds roughly with the magnitude of g=100. 
In the night, when the electronic density decreases to its final value, we ect with ; 


neglection of aontn, ieee Pn ge 


“Although 6 is not exactly iow: do must be less than 10-1 by hes Omnaanen 
"preceding: Se and we assume ed as 2~10 ae s0y HEE for 300 km 


— 


. § — 


And for the night, if we neglect 3, we get the following equation from (3), 


dn- 


considering - di ==y=Q, 


P yaad Ot 
n/ntn-~— 
Bp 


, (13) 
and then 
1 Lae 
ete fo Bs. 
“vn Ui (14) 


Putting o:~10~ and x as less than 10-', we get 


A4>45 (for 100 km), 

A>28 (for 110 km). 

And when only d is taken into account (a; neglected), 4 will decrease from the above 

values to about 20 and 8 respectively, and therefore the above values of A will be 
the upper limits. 

As the consequence we have 

n*-+n-=~15~13, mw (average 14) (for 110 km), ) 

~41~31, n (average 36) (for 100 km), J 

=~60 ” at most (average 30) (for 110 km), 

=90 x at most (average 60) (for 100 km). 


for daytime, 


for night. 


IV. Vertical distribution curves 


1. w and nt+n- 

From the above considerations we reached the stage to draw vertical distribution 
curves of necessary values. For the distribution. of electron density n (lower than 
the maximum density) we used the observational data and for the other part the 
square root curve of ion production q by Chapman’s theory was used. In the figure 
shown the maximum electron densities of E and F;-layers for daytime are taken as 
10° at 110 km and 10° at 260 km respectively. From this curve we draw the curve of 
n++mn-, where the height dependency of necessary elements is taken into account, and 


the curve is shown in the figure. 


2. Electrical conductivity (¢) 
The electrical conductivity o of the ionosphere is given by the following equation. 


o= ce of n mee rte ) Fare. esu, (15) 
where 
y;......mean collision frequency of ion with neutral particle, 
ae se geomagnetic gyrofrequency for electron (sec™"), 
CT ee geomagnetic gyrofrequency for ion (sec), 
m, M......mass of electron and ion respectively, 
Coe charge of electron. 


In the calculation of o we used the following values. 


ay 


M/m=3x10', 
wn=6.6X10° (H=0.4 Gauss), 3 
WIli = 4- 23 x 10? ( ” ” ). 


The other values necessary for the calculation of o can be seen in the figure and the 
table. The vertical distribution of « for daytime is calculated and shown in the same 
figure. As the electronic conductivity is very small in both Jayers, only E-layer day- 
time conductivity of electron is shown. a Ke ae 

According to these curves and some Ae aeat calculations based on Bees curves 


the followings can be said. For the daytime the maximum conductivities of E and — 


F-layers are 1.7x10-" e.m.U. and 1.3 x 10—-" e.m.u. respectively and the integrated values 
for E and F-layers are 1.1X10-? em.u. (60%) and 0.7x10~7 em.u. (409%) respectively, 
the ‘boundary between the two layers being taken as 190: km. The total is abou 18x 
10-7? em.u. The conductivity is rather sensible for the height, and the decrease of 
F-layer height and the increase of E-layer height make the conductivity increase. 


For the night the total conductivity of E-layer decreases roughly to less than 


one fifth of the daytime value and that of F-layer to one eighth, because the increase 
of height at night decrease o greatly. The over all conductivity is about 3.15 x 10-* 


e.m.u. at most, ie. one sixth of the daytime value. The situation (mayimum condition) 
during night is | shown by the dotted curves in the same figure. See explanation isa 


omitted.) See gS — 


v. RHE UST hE 


(1) 


(2) 
(3) 
(4) 
(5) 


CPA ORS rs en? = 


(6) 
(7) 


(8) 
(9) 
- (10) 
(4) 


a) BV. Appleton: se Le gia Phys, SS 129-165, HES i = ae “as 
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Diurnal and Seasonal Frequencies of Occurrence of 


‘Sudden Commencements’, SC, in Geomagnetism 


By Takasaburo YOSHIMATSU 


Kakioka Magnetic Observatory 


Abstract 


By the statistical investigations of the diurnal and_ seasonal 
frequencies of the occurrence of ordinary and second-type SC’s at 
Kakioka in the period 1926-1949, the auther found the following 
characteristics. Only in the case of larger amplitude of SC, 4H=30", 
he found the similar type of diurnal variation with that obtained by 
Ferraro and Parkinson at stations in middle latitudes, 4H being meant 
by the first impulsive change of SC in the horizontal force. In the 
case of smaller amplitudes, however, matters are not so simple that, 
for instance, he found an inverted type in the case of small SC, 4H<1L0". 
As a whole, however, the number of occurrence of SC in daytime 
increases with decreasing 4H relative to that in night, which may 
be due to the shielding effect of the ionosphere for the external field. 

The number of occurrence of the second-type was very small 
and nine percent when only sharp preliminary impulses were counted. 
In Ferraro-Parkinson’s figure 2, Greenwitch, Watheroo and Kakioka 
lie nearly on a smooth curve. 

Regarding to the seasonal variaton, the auther obtained two 
types, one of which is an ordinary double oscillation type with two 
maxima in equinoxes, while the other in summer and winter, corres- 
ponding to the maximum and minimum periods of the sunspot activity, 
respectively. 


1. Introduction. 


Recently, H. W. Newton” and V.C. Ferraro and W. C. Parkinson reported an 
interesting and important fact that the mean diurnal frequency of occurrence of SC 
has a broad minimum around 8hr. in local time, but not in universal one, which seems 
to be contrary to the usual conception of a world-wide phenomena of SC. G. Ishikawa® 
studied a similar diurnal variation of the amplitude of SC in the horizontal intensity 
from the standpoint of the electromagnetic shielding effect of ionospheres. Ferraro 
and Parkinson also pointed out that at the stations in low latitudes the diurnal 
yariation of frequency such as appeared at Greenwitch is apparent only for SC’s which 


/ 


ea 


— ee 


are followed by large or moderate disturbances. The available data at Kakioka, 
geomagnetic latitude 26°0N, longitude 15420W, support this last view. The auther, 
therefore, tried to make more precise statistical investigations of the characteristics 
of the frequency of SC in low latitudes. Data used here was obtained at the Kakioka 


Magnetic Observatory in the period 1926-1949. 


2. Frequency of occurrence of SC classified in its amplitude, sunspot 
activity and magnitude of disturbance accompanied with it. 


At first, from the adopted three hundred and ninety two SC’s of both ordinary 
and second-type of increasing horizontal intensity are arranged the mean numbers of 


occurrence per year in the following table 1. Although the above number might be 


Table 1. Mean number of SC per year. increased by a few percent by taking 
such ones into counting that were 
Sunspot AH>30t 10*< AH<30t AH<10t Po LORDS 3 
: omitted for the reasons of their 
Total max. iod 4.7 12. 3.6 ; 3 ‘ 
. = aa | j ° small or irregular amplitudes, their 
Total min. period | 0.6 6.9 3.8 


occurrences in the course of pro- 


ceeding storms, and other reasons, the generality of the treatment would not be lost. 
The amplitude of SC in the horizontal intensity, 4H, is classified into three groups, 
and for the maximum periods of the sunspot activity are adopted the following three 
intervals, 1926-1930, 1937-1941 and 1946-1949, and corresponding minimum periods 
consist of two intervals, 1931-1937 and 1942-1945. It is noticeable from the table 
that number of SC is largest in the group 10°<4H<30", and larger SC’s are more 
frequently occurred in the maximum periods than minimum ones, while smaller 
SC’s appear to be almost independent of the sunspot activity. 

For the second, the number of occurrence classified for the magnitude of dis- 
turbance accompanied with SC is shown in the table 2. The magnitude of each 


disturbance is expressed by the daily -maxi- Fable 2.0 Number of SC ice the magne 
mum range of the horizontal intensity in tude of disturbance. 
GMT. on the versoxiay Of St, 9: nent. day. | Magnitude of disturbance 
of which larger value is adopted. As a whole, Se < 
; >1007 <1007 

the table shows that larger SC’s are more 
frequently followed by larger disturbances AH>30" 52 19 

; ; 10< A 3 74 va 
than smaller SC’s. FAS 60 


: AH<10 23 64 
Similar treatment in respect to the 


duration of the impulsive change as well as the amplitude may be needed for the. 
further investigations of SC, but here are all neglected. At any rate, these general 
characteristics said above should be taken into considerations of the statistical investi- 
gation of the frequency of occurrence and also amplitude of SC. 


’ 


3. Diurnal variation of frequency of occurrence of SC. : 


The diurnal curves of SC’s were obtained by counting the number of SC occured _ 


= Sie 


in each three hours’ interval in respect to different groups of 4H and different periods 
of sunspot activity. Fig. 1, or table 3 shows such a.diurnal variation of SC in the case 


Table 3. Diurnal variation of occurrence of SC, AH>30'. 
135°E Meridian Mean Hour 


Hour 0 3 6 - 9 12 15 18 21 


Percent 2oed 13.8 4.6 4.6 10.8 13.8 957 20.0 


of J4H=30". It has a broad minimum in the morning 
and smaller one in the evening. 
; This mode of diurnal variation is similar with 
that obtained by Ferraro and Parkinson at stations 
_ in middle latitudes, if we construct the three hours’ 


Fig. 1. Number of occurrence. L© This type is not only appeared in this total 
—— Total period. period, but also similar variation is noticeable in each 
ee Sane eo ee ; maximum period mentioned above, if we permit less 

smoothness of each curve due to the smaller number of data. These variations are 

shown in the following table 4 in respect to the percent of occurrence of SC in day 
and night. We have a significant - difference Table ie ; : je 
of percents between day and night. We 
should like to call hereafter this type as_ 

‘N- type’ variation. : ee eee ae oe 

| For the small SC, AH<lo", the diurnal _0, 3, 18, 21 ie 

variation in the total period is drawn in 6 9% ie 15 

Fig. 2 or table 5, in which: refered curve PP. tie EE = 

is the three hours’ ieiepea recpnstructed, by the auther from the original curve I 

of Ferraro- Parkinson’s p paper. For simplicity, we call this inverted type as ‘I- ‘type’ — 

variation. ‘The peda céeflicient r between ‘the Netype and Lope et rs mS 


‘ _ Period 
1926-30, 1987-41. 1916-49 


98.3. 232.0. ae 
66.7. 5 OBE ah ae 


~ Hour 


curve from their hourly value’s one, say curve 


a, ee ee 


a 


ty) 
— 57 — 


(355, L.M.T SET Si ie @ SPE see 


eS sta S-18._-0 Sire 


max. period min. period 


21 33.3 30.8 


18 66.7 69.2 


Thus from the statistical point of views, the I-type 
variation is reliable. 

The diurnal variation of frequency of occur- 
rence of SC for the intermediate group, 10*%<4H< 


Fig. 2b. Number of occurrence. 30°, is shown in Fig. 3, in which (a) corresponds to 


A: Sunspot max. 
B: Sunspot min. 


minimum one. 


that in the total maximum perid and (b) for total 


In this case, both curves have a 


common minimum around 9hr. as mentioned in the case of N-type variation, but the 


maximum appears around 12hr. in the maximum period, while 2lhr. in the minimum one. 


This type is not only appeared in these total periods, but the similar tendency is also 


noticeable in each period as shown in (c), 
showing that this type of the diurnal variation 
is not accidental. 

In order to have more informations 
about the inequality of the diurnal frequency 
between the daytime and night, the ratio 
N’,/N’a in the maximum periods is compared 
with 4H, the mean value of 4H in each inter- 


val in the table 6, where N’, and N’q are the 


Table 6. 
Nn Nd N’n/N’d AH AH AT 
9 39 0.38 AH<10t — 6.67. 34min. 


30 68 0.73 10<AH<20 14.5 4.2 
26 41 1.05 20<AH<30 24.4 3.5 
14 15 1.55 30<AH<40 34.6 3.7 
23. = 13 2.95 40<AH 58.4 3.2 


Nn: number in night; 0, 3 and 21 hr. 
Nd: number in daytime; 6, 9, 12, 15 and 18 hr. 


s 


mean numbers of SC per three hours in night 
and day, respectively. It is expressed approxi- 
mately by the following linear relation, as will 


ISS°E LMT 
Oo Geet += 152-0 


Fig. 3. Number of occurrence of SC. 


be seen in Fig. 4, though the type is so different each others as mentioned above. 


N’,=4.84 ¢ 10 © 4H « N’ 3 Aon 


This result, therefore, may be due to the shielding effect of the ionosphere for 


‘the external primary field, or to some unknown mechanisms relating to the relative — 
positions of the sun and earth. In this case, it may be worthy to note that the duration — 


? AT of the impulsive change of SC is almost inde- 


: Na pendent of the interval of 4H as will be Seen in 
g the last column in the table 6. It is now assumed 
2 that (1) the external primary SC giving magnetic 
4 effect corresponding to each interval of 4H classified 

in the table 7 has its corresponding mean value (4H)o 
) 20 is 2; when no ionospheres exist. (2) In night hours this 


Fig. 4. is observed as the reduced quantity q(4H)) due to. 
the shielding effects of the ionosphere, and neverthless, the corresponding net number 
of occurrence in each interval remains approximately constant and equals to cN’;= 
M,, where c is a constant. (3) In day hours (4H)) is obsreved as p(4H), and say 
p=1/2«q. Then, in the day hours the apparent number Ma and corresponding mean 
value (4H)a will be grouped as in the. table 7. Therefore, the ratio M,/Ma and total 
mean value (4H) in i-th interval can be calculated in the last two columns by the 
following expressions, (Ma) = 2}(Mo)s and (4H):={(Mn) « q(4H)a+ 3 q(4H)o;/2 © (Mn)3}/ 
(Mn+) Ma) ~ The result comneiies approximately with the Shebiiacioas in lower 


value =1. On the other hand, if the uniform primary field, which is 
situated outside the thin escttea ionosphere with total conductivity K and radius a, 
varies with respect to time in the form of F = [ema Be) then according to the 


Sugiura’s calculation, the observable field will be monte in the form of 


a ee eee Ee as ap —1) 
Pe=[ gogo et Gada) © 8= Gak 


to the presence of the earth is neglected. It is now assumed that a, A SS Pirpe a are all 
constants throughout the day and night, while K takes the mean values ‘Ka and Kn in’ 
the hours of day and night assumed above, respectively, | ce. aa 


ad 


— ¥ when the inner field due 


Sey 


Table 7. 
No. of interval Interval _ | (AH)o (AH)n Mn “(AH)d Ma 


— (AH)o<l0r || bt Sqr 3.0 en 


the ratio (Fr)a/(Fiy)h of the F.-layer varies approximately in the interval 2-3; for 


example, 2.4 (1946), 2.2 (1945), and 2.7 (1945) respectively at Kokubunji, Watheroo and 


Washington. Therefore, it seems to be not so inappropriate to take as p= : q, and 
to support qualitatively the argument given above. 


For the second-type of SC, we counted the number of occurrence only when 
the sharp preliminary impulse was accompanied with main SC of the horizontal inten- 
sity or declination, and thus it was nine percent. It is very interesting that in Fig. 2 
of Ferraro-Parkinson’s paper, Greenwitch, Watheroo and Kakioka lie on a smooth curve 
and similarly Greenwitch, Huancayo, Cheltenham and Tucson make an another curve, 
both being magnetically synmmetry with respect to the ordinate passing through 
Honolulu, or very near point to it. Then, it is also interesting to trace the figure 


in the neighbourhood of the vertex. 


4. Seasonal frequency of occurrence of SC. 


Seasonal frequency curves in the total maximum and minimum sunspot periods 
are shown respectively in Fig. 5, or table 8. In the sunspot maximum period, we have 
L Ww Vv Vil 1X x! T two principal maxima in equinoxes, and 
small one in summer, the former dis- 
tinct seasonal variation being well known 
for the general geomagnetic activity. In 
the minimum period, two maxima ap- 
pear in Summer and winter, probably 
two small maxima in equinoxes. The 
amplitudes in percent do not so differ 
each other in both periods, though the 
number of occurrence is more numer- 
ous in maximum period than minimum 
one. 


Although the above seasonal vari- 


ations may be supposed to be more 


Fig. 5. Seasonal variation. : 
A: Sunspot max. weighted upon the case of 10°*<4H<30" 


B: Sunspot min. ; in which the number is most numerous, 


similar two different types corresponding to the degree of sunspot activity are also 
seen in each group of 4H, in which case of 4H=>30* appears a predominate maximum 


in spring, sometimes in summer. 


Table 8. Seasonal variation of occurrence of SC (percent). 


Month pe ee a ae 
Max. period 6.9 6.9.12.4.10.9 8.7 7.6 9.1 8.4 10.5 985.1 3.6 
Min. period 1G Ti 07 6.2 88 115 WA Go B44 oe oe 


It is reasonable, therefore, to expect more or less a flat and smaller amplitude 


seasonal variation when the frequency is calculated in regardless of the periods of 


occurrence, as actually shown in Fig. 6. We, moreover, expect an effect of these 


t= Ve Vil = i ee 


seasonal characteristics upon the diurnal 
frequency, for example, if we make two 
diurnal curves corresponding to equi- 
noxes and (summer) + (winter) in the 
case of 4H<10", we have similar curves 
with Fig. 2 (b), a peak maximum around 
9hr. in the former, while 18hr. in the 
latter. 

Fig. 6. Seasonal variation in full period. As a whole, therefore, if the data 


in-the southern hemisphere suports our results on the seasonal variations, the number 


of occurrence of SC attains its maximum value in local summer in the minimum 


sunspot period defined above, while in equinoxes in the maximum period. 


Summary 


We investigated the frequencies of SC’s of the first and second types, classifing 
them in the amplitude of the first impulse in the horizontal intensity, sunspot activity 
and magnitudes of disturbances accompanied with them, respectively. The ratio of 
the mean number of occurrence per year in the maximum period of the stinspot 
activity to that in the minimum period increases rapidly with increasing amplitude of 
SC, while in the smallest interval 4H<10* it being approximately equal to unity. We 
have also a similar tendency for the ratio of the number of occurrence in the case 
of larger amplitude of disturbance to that in smaller one. We found some character- 
istics of the mean diurnal and seasonal variations of frequency of occurrence of SC. 

As a whole, the inequality of mean frequency per three hours between day and 
night may be due to the larger shielding effect of ionospheres in day time compared 
with that in night. But the individual interpretation of the different types of diurnal 
and seasonal variations will be left as future problems, but it may be suggested to 
pick up anew the possibility of contributions of S field and some kinds of solar 
radiation as the agency for the production of some parts of SC’s. 


In conclution the auther wisdes to express his hearty thanks to Dr. S. Imamiti, 
Director of the Magnetic Observatory at Kakioka for his kind permission to read 
magnetgraphs and encouragement. His cordial thanks are also due to members of 


the Observatory for their assistances. . 
(May 22, 1950) 
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